Previous studies have demonstrated that significant changes in action or behaviour (function) and morphology occur in the deafferentated and the adjacent somatosensory cortex after amputation or experimental spinal cord injury, These studies have shown changes in somatotopic mappings and somatosensory perception as well as altered evoked responses, The purpose of the present study was to examine the potential effect of these changes on cognitive processes using the tactile P300 event-related potential (ERP) in a spinal cord injured (SCI) population. The P300 ERP has been associated with more complex cognitive functioning such as selective attention, memory, and stimulus evaluation rather than earlier sensory processing of stimuli. Three groups consisting of healthy control, paraplegic, and tetraplegic subjects participated in a transcutaneous electrical stimulation 'oddball' task. Results indicate that all groups were successful in maintaining target counts and produced significantly larger P300 amplitudes with longer latencies to target trials compared to non-target trials. The SCI groups, however, produced P300 ERPs for both targets and non-targets that were significantly reduced in amplitude compared to the control group. In the case of the tetraplegia patients, the P300 was almost abolished. No differences in latency of the P300 was observed between any of the groups.
and C4. 1 2 Overall, the SCI groups had attenuated cortical responding compared to a control group.
Though the paraplegic and tetraplegia groups did not significantly differ from each other, the tetraplegic group had a flatter ERP. The difference among groups was most evident in the NlOO-P200 component which is hypothesized to reflect processing of the physical properties of the stimulus as well as selective attention processes. 13
The current study was designed to further examine the extent of attenuated cortical ERP responding in SCI humans and to assess the potential effects of ERP attenuation on cognition, particularly selective atten tion processes as related to processing somatosensory stimuli. To achieve this, we used a tactile oddball paradigm to examine the later P300 component of the event-related potential in tetraplegic, paraplegic and control groups while ERP measures were made at Fz, Cz and pz cortical locations. The P300 ERP is a particularly robust endogenous element associated with higher order cognitive processing, particularly selective attention, resource allocation and processing speed. 14 The oddball paradigm, during which the subject attends to a relatively infrequent target stimulus while ignoring a more frequently occurring non-target stimulus, is especially valuable for deter mining functional (action or behaviour) cognitive changes. To a large extent this paradigm examines cognitive stimulus evaluation processes that are separate and distinct from the normal perceptual processing of the physical characteristics of the stimulus. In healthy control populations, the P300
ERP is of higher amplitude and longer latency in response to the target stimuli compared to the non targets. However, the effects of altered somatosensory perceptual processing due to SCI on the cognitive evaluation of those stimuli are unknown. Since the P300 reflects factors associated with cognitive evalua tion rather than perceptual processing, it might be expected that the spinal cord injured groups will respond in a similar fashion to the control group. The level of injury for the paraplegic group ranged from T-6 to L-4, and for the tetraplegic subjects ranged from C-2 to C-7 and nine had incomplete injuries while six had complete injuries. Due to the nature of the tactile discrimination task, we did not select any complete tetraplegic subject with an injury level above 
Methods

Subjects
Apparatus and recordings
The EEG was recorded from Fz, Cz, and pz Amplitude values were baseline corrected by subtract ing the average activity value for the 75 ms pre stimulus period from the obtained amplitude value.
Results
P300 amplitude data
Grand average ERPs, and standard deviations for target and non-target trials at each recording site are presented in Figure 1 and Table 1 In order to understand the significant data points in the three-way interaction, the interaction was simpli site produced significantly smaller P300 amplitudes than did the Cz and pz sites. There was no significant difference in P300 amplitude between the Cz and pz sites.
A similar analysis for non-target trials resulted only in a significant group difference, F(2, 42) = 6.44, P = 0.004. Newman-Keuls analysis showed that the control group produced significantly larger P300 amplitudes compared to either the paraplegic or the tetraplegic groups. The two SCI groups did not differ in P300
amplitude from each other for non-target trials. The separate analyses for target and non-target trials
showed, that in both cases, the control group had a significantly larger P300 than did the tetraplegic group. While the paraplegic group's P300 amplitude was between the control and tetraplegia group, the data were not statistically significant.
Previous studies have observ�d a linear increase in amplitude for the somatosensory P300 from anterior (Fz) sites to posterior (pz) sites with maximal amplitude at the pz recording site. 18 , 19 In view of this, the observation of reduced P300 amplitude at the Fz site relative to Cz and pz for all groups in this study is not surprising. However, because the pz and Cz recording sites did not differ significantly for the target trials in this study, we elected to further analyse the data from these two recording sites separately.
An ANOV A with group as the between subject factor and stimulus type (target vs non-target) as the within-subject factor was performed at the Cz recording site. We found a significant main effect for group, F(2,42) =8.03, P=O.OOl and for stimulus type, F(l,42) =46.76, P<O.OO1. Newman-Keuls post-hoc analysis of the group main effect revealed that the control group produced significantly larger P300
amplitudes as compared to either the paraplegic or the tetraplegic, groups. The two SCI groups did not differ from each other. The significant main effect for type indicates that the P300 amplitudes for the target trials was significantly larger than those produced for the non-target trials at Cz for all groups.
A similar ANOVA procedure was also performed on the P300 amplitude data at the pz site. Results showed significant effects for group, F(2, 42) = 6.58, P=0.003; for type, F(l, 42)=84.95, P<O.OOl; and the group by stimulus type interaction, F(2,42) = 4.13, P = 0.023. Additional analysis indicated that the control group produced significantly larger P300 amplitudes to target trials compared to either the paraplegic group or the tetraplegic group. The two SCI groups did not differ from each other. Significant differences also emerged between groups for non-target trials at Pz, F(2, 42) = 4.94, P = 0.0018. Again, the control group again produced significantly larger P300 amplitudes for non-target trials at the pz site compared to either the tetraplegic group or the paraplegic group. As with the target trials at Pz, the two SCI groups did not differ from each other for the non-target trials at Pz.
We also found the target trials were significantly larger than the non-target trials for each of the groups; To summarize the results of the data at the primary Cz and pz recording sites: all groups produced significantly larger somatosensory P300 amplitudes for target trials compared to non-target trials. In addition, the control group responded with signifi cantly larger P300 amplitudes to both target and non target stimuli as compared to either the paraplegic or the tetraplegic groups. The SCI groups did not differ from each other.
P300 latency data Table 2 presents the means and standard deviations for the somatosensory P300 latencies for all groups at all sites for target and non-target trials. Analysis of variance revealed a significant main effect only for stimulus type, F(1,42) = 6.08, P = 0.018, indicating significantly longer latencies for target trials compared to non-target trials. It is very common to find that the P300 latency is longer to target stimuli. No other significant main or interaction effects emerged for the somatosensory P300 latency data.
Discussion
The primary findings in this study are that all groups maintained accurate target counts and produced larger amplitude P300 ERPs with longer latencies in response to target stimuli compared to non-target stimuli.
Additionally, spinal cord injury patients produced significantly reduced P300 amplitudes compared to healthy controls. No significant latency differences among the groups were observed. Greater attenuation of the P300 was also apparent with higher injury levels (ie, P300 for those with tetraplegia is of smaller amplitude compared to those who were paraplegic).
The ability to maintain accurate target counts and 
